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Takeshi Kezuka, 1 Toshitaka Nagao, 2 and Hiroshi Goto 1 PURPOSE. Various immune mediators are hypothesized to have important roles in the pathogenesis of vitreoretinal B-cell lymphoma, although the exact mechanisms remain unclear. We determined the immune mediator profile in the vitreous of eyes with vitreoretinal B-cell lymphoma.
METHODS. We studied 28 eyes (23 patients) with vitreoretinal Bcell lymphoma, and 27 eyes (27 patients) undergoing vitrectomy for macular hole and epiretinal membrane served as controls. Undiluted vitreous samples were collected, and cytometric bead array and ELISA were used to determine the vitreous concentrations of 38 V itreoretinal lymphoma usually is a form of non-Hodgkin's lymphoma of the diffuse large B-cell type (DLBCL), 1 but may be T-cell type in rare cases. Vitreoretinal lymphoma often occurs in elderly patients who present initially with an ocular lesion with or without concomitant central nervous system (CNS) involvement. Most vitreoretinal lymphomas are extranodal localized to intraocular structures, such as retinal or subretinal spaces and vitreous. 2 CNS involvement appears in 50-80% of vitreoretinal lymphoma patients several years after the onset of ocular symptoms. 3, 4 Once CNS lymphoma occurs, if untreated, death generally occurs within 3 months as a result of progressive intracranial disease, 5 and a 5-year survival rate below 63% was reported in a clinical series in Japan. 6 The pathogenesis of vitreoretinal lymphoma is understood poorly. In particular, it remains unclear why vitreoretinal lymphoma mainly manifests diffuse vitreous opacities and multiple retinal or subretinal white lesions. Currently, the underlying molecular mechanism by which malignant B-cells home to immune privileged sites, such as the brain, eye, and testis, where resident B-cells are not present under normal conditions, essentially is unknown. Furthermore, although the lymphoma spreads aggressively within the CNS, it is widely known that it rarely metastasizes elsewhere in the body. Chan et al. speculated that malignant B-cells acquire selective homing receptors for ligands expressed by ocular tissues, especially the RPE. 7 It also is postulated that the expression of B-cell-attracting chemokine (BCA)-1 and stromal cell-derived factor (SDF)-1 on RPE may enhance lymphoma cell migration and signal transduction into the malignant cells, promoting lymphoma growth and survival. Proof of this hypothesis will enhance our understanding of vitreoretinal B-cell lymphoma conditions.
An elevated interleukin (IL)-10:IL-6 ratio in ocular fluids is essential to establish a diagnosis of vitreoretinal B-cell lymphoma.
8 IL-10 is a pleiotropic cytokine produced by Band T-cells as well as monocytes, 9 which acts as a growth factor for normal human B-cells and B-cell lymphoma cells. Besides its growth factor activity, IL-10 protects the tumor from the immune system. 10 With respect to the recruitment, homing, and proliferation of lymphocytes within the eye, many studies have shown that immune mediators, such as cytokines and chemokines, have a pivotal role. 1 Immune mediators are suspected to be important in the pathogenesis of vitreoretinal B-cell lymphoma via autocrine and/or paracrine mechanisms. Better understanding of the role of immune mediators may provide new clues to immunopathogenesis and effective treatment of vitreoretinal B-cell lymphoma.
Recently, two-color flow cytometry has been used for simultaneous detection of many analytes in a very small sample volume. 11 Previous studies on cytokines or chemokines in vitreoretinal lymphoma have focused on quantification of a few cytokines or chemokines using ELISA. 7, 12 However, single-assay measurements of immune mediators provide limited information, and to obtain a more comprehensive picture of vitreoretinal B-cell lymphoma, multiple immune mediators must be analyzed simultaneously. Moreover, Maier et al. compared the multiplex cytometric bead array (CBA) and ELISA, and reported that CBA technology is comparable to conventional ELISA assay for measurements of immune mediators in the vitreous. 11 To determine the levels of various immune mediators in vitreoretinal B-cell lymphoma, we simultaneously measured a broad spectrum of immune cellmediated cytokines, chemokines, growth factors, and molecules that could contribute to cell death, by using a multiplex CBA system combined with traditional ELISA. With these methods, we investigated the protein expression levels of 38 different immune mediators in ocular fluid samples obtained during vitrectomy for vitreoretinal B-cell lymphoma.
Understanding the mechanisms that mediate B-cell migration, proliferation, and apoptosis, as well as immunologic interaction between tumor cells and the surrounding reactive inflammatory cells recruited to the eye are important goals in research on the biology of vitreoretinal B-cell lymphoma. Our study addresses the pattern of expression of a set of immune mediators in vitreoretinal B-cell lymphoma, which may indicate the potential roles of these molecules in the pathophysiology of vitreoretinal B-cell lymphoma. The difference between the type of vitreoretinal B-cell lymphoma with diffuse vitreous opacities only and the type with concomitant presence of multiple subretinal white lesions also was assessed.
MATERIALS AND METHODS

Patients, Sample Collection, and Diagnosis
We studied 23 immunocompetent patients (9 males and 14 females, mean age 66.0 6 11.7 years) with vitreoretinal B-cell lymphoma with or without CNS involvement at the time of diagnosis. Our study was approved by the Tokyo Medical University institutional review board. Informed consent was obtained according to the Declaration of Helsinki. All patients were Asian adults. In each patient, systemic lymphoma was excluded by clinical staging of the disease. All patients underwent magnetic resonance imaging (MRI) to evaluate the brain, as well as a standard 3-port 23-gauge vitrectomy. Vitreous samples were harvested from the mid vitreous region at the start of vitrectomy. The vitreous was removed by a vitreous cutter before intraocular infusion. Then, a complete vitrectomy with infusion of balanced salt solution was performed. Undiluted specimens and diluted vitreous specimens were delivered immediately to the Cytology and Molecular Laboratory. The samples were stored immediately at À808C until assayed. Sample volumes ranged between 500 lL and 1 mL. All patients gave informed consent to the collection and analysis of samples.
The diagnosis of vitreoretinal B-cell lymphoma was established on the basis of clinical, morphologic, cytochemical, gene rearrangement, and immunologic features. Cytopathologic and immunohistochemical evaluations were performed on the undiluted vitreous specimen to evaluate features of the lymphoma. In brief, undiluted ocular fluid was centrifuged (200g, room temperature, 3 minutes) within 1 hour after sample collection onto a single glass slide, air-dried, and stained with Papanicolaou staining and/or anti-CD20 mAb. Two experienced cytopathologists (TN and TN) independently examined all cytospins. The specimens were diagnosed without knowledge of the findings of immunoglobulin heavy (IgH) chain gene rearrangement, and concentrations of IL-10 and IL-6. Undiluted vitreous specimens also were used in measurements of mediators. Diluted vitreous samples were prepared for PCR analyses. B-cell clonal expansion was detected by analysis of IgH chain gene rearrangement using PCR (SRL, Tokyo, Japan). Samples were subjected to amplification of the IgH chain gene using primers directed to the framework three and joining regions of the gene, as described previously. 13 The presence of 1 to 2 dominant bands was interpreted as monoclonal, and 3 to 4 dominant bands as oligoclonal. IL-2 was not detected in the vitreous, and the presence of gene rearrangement and/or presence of malignant B-cells in CNS and/ or eye confirmed that all cases presented here were B-cell type lymphoma, as described previously. 14 Excluded from the study were patients with preoperative trauma, pre-existing macular pathologies (such as age-related macular degeneration), vitreous hemorrhage, immunodeficiency, and diabetes mellitus, all of which are likely to influence the vitreous levels of immune mediators. The following clinical data were extracted for each patient: sex, age at diagnosis of vitreoretinal B-cell lymphoma, ocular involvement, main ocular lesions at initial diagnosis, primary organ involved, presence of CNS involvement, pattern of spread, cytopathology, presence of IgH chain gene rearrangement, relapse after first diagnosis of vitreoretinal B-cell lymphoma, and current status ( Table 1 ). The control group consisted of 17 patients with macular holes and 10 with epiretinal membranes (10 males and 17 females, mean age 68.0 6 9.6 years); none of these patients had any associated vitreoretinopathy. Vitreoretinal B-cell lymphoma patients were divided into two groups according to clinical features: diffuse vitreous opacities with or without multiple subretinal white lesions. eotaxin; VEGF; granulocyte-colony stimulating factor (G-CSF); granulocyte macrophage colony-stimulating factor (GM-CSF); basic fibroblast growth factor (bFGF); Fas ligand; CD40 ligand; granzyme A; and granzyme B. Two-color flow cytometric analysis was performed using a FACSCaliber flow cytometer (BD Biosciences). The concentrations of immune mediators were obtained from the standard curve for each cytokine.
Measurements of Immune Mediators
Although BCA-1, and SDF-1a have been reported to have important roles in vitreoretinal B-cell lymphoma, CNS lymphoma, and DLBCL, 7, 15, 16 the CBA flex kit does not contain these two immune mediators. Therefore BCA-1 and SDF-1a in vitreous also were determined by ELISA using commercially available kits (R&D Systems, Minneapolis, MN). The immunoassays were performed and analyzed according to the manufacturer's instructions. When the concentrations of the raw data were below the detection limit, they were coded as 0 and were included in statistical analysis.
Statistical Analysis
Statistical analyses were performed using JMP version 9 (Business Unit of SAS, Cary, NC). Two-group comparisons of numerical variables were done using Student's t-test or the Mann-Whitney U test, based on the pattern of data distribution. The nonparametric Mann-Whitney U test was used to analyze immune mediator levels because the data were not distributed normally. Correlations were determined by the Spearman's rho test. Differences were considered significant when P was less than 0.05. 
RESULTS
Vitreous Concentrations of Cytokines in Intraocular Lymphoma
The results of the study are summarized in Table 2 . Of 23 patients with vitreoretinal B-cell lymphoma 21 had IL-10:IL-6 ratios >1.0 (mean 29.9 6 25.4, range 0.4-92.6). The high ratios were diagnostic of the disease and consistent with previous reports. 17 Concentrations of BCA-1, bFGF, Fas ligand, granzyme A, granzyme B, IFN-c, IL-6, IL-8, IL-10, IP-10, MCP-1, Mig, MIP-1a, MIP-1b, OSM, RANTES, and SDF-1a in the vitreous were elevated significantly in vitreoretinal B-cell lymphoma patients compared to controls (P < 0.05 for bFGF, P < 0.01 for all others). The levels of CD40 ligand, eotaxin, G-CSF, GM-CSF, IL-1a, IL-1b, IL-2, IL-3, IL-4, IL-5, IL-9, IL-11, IL-12p70, IL-17A, LTa, and TNF-a were mainly below detection limit and did not vary significantly compared to controls.
When comparing the various immune mediators that were upregulated significantly in vitreoretinal B-cell lymphoma patients, we found a low-to-moderate positive correlation between BCA-1 and Interestingly, we found a moderate negative correlation between Fas ligand and bFGF (r ¼ À0.394) ( Table 3) .
The vitreous levels of IP-10 were significantly (P ¼ 0.0087) elevated in eyes with diffuse vitreous opacities and multiple subretinal white lesions (mean 3246.7 pg/mL, range 1172.3- uveitis of unknown etiology) measured by the same methods, vitreous levels of BCA-1, bFGF, IL-10, MCP-1, MIP-1a, MIP-1b, SDF-1a, and VEGF levels were significantly higher in patients with vitreoretinal B-cell lymphoma than in uveitis patients. In contrast, vitreous levels of angiogenin, fractalkine, granzyme A, IFN-c, IL-6, and IP-10 levels were significantly higher in uveitis patients than in patients with vitreoretinal B-cell lymphoma (Supplemental Table, http://www.iovs.org/lookup/suppl/ doi:10.1167/iovs.11-8719/-/DCSupplemental). Regarding the difference in vitreous immune mediator profile between vitreoretinal B-cell lymphoma and other intraocular solid malignant tumors, such as uveal melanoma and retinoblastoma, we were able to measure vitreous levels of immune mediators in 7 cases of malignant choroidal melanoma and 2 cases of retinoblastoma. IL-8, angiogenin, Fas L, RANTES, IP-10, and MIP-1b were significantly higher in intraocular solid malignant tumors compared to vitreoretinal B-cell lymphoma, while IL-10 was significantly higher in vitreoretinal B-cell lymphoma than in intraocular solid malignant tumors (data not shown). The immune mediators that differentiate between vitreoretinal Bcell lymphoma, and uveitis and other malignant intraocular tumors require further investigations.
It is well established that IL-10 is detected in the vitrectomy specimens of patients with vitreoretinal B-cell lymphoma, and serves as a valuable clue in the diagnosis. 8 The IL-10:IL-6 ratio (greater than one) also has been shown to be a useful diagnostic marker for intraocular lymphoma. 17 Our result confirms this finding. Furthermore, elevated serum IL-10 levels in patients with systemic DLBCL have been shown to correlate with poor prognosis. 18 To our knowledge, the role of IL-10 in vitreoretinal B-cell lymphoma has not been examined intensively; however, it has been reported commonly that IL-10 as an autocrine growth factor increases B-cell proliferation, differentiation, and survival. 19, 20 Besides contributing to the proliferation of B-cell lymphoma, IL-10 is a pleiotropic cytokine also possessing immunosuppressive properties that constitute 
Significant correlation (P < 0.05) is colored in yellow, low-to-moderate correlation (r < 0.5) in blue, moderate-to-high correlation (r ‡ 0.5) in green, and negative correlation in orange. r, Spearman's rank correlation coefficient; p, P value.
one of the most useful immune escape mechanisms in vitreoretinal B-cell lymphoma.
10 Whether the IL-10 level in the vitreous is related to vitreoretinal B-cell lymphoma activity can be answered only by further studies to elucidate the exact roles of these mediators in the pathogenesis and clinical course of vitreoretinal B-cell lymphoma.
The mechanisms involved in homing of malignant B-cells to the eye and/or CNS remain unknown. Chemokines represent a group of molecules that regulate cell migration. Therefore, chemokines have been implicated in the metastatic spread of a wide variety of tumors. 21 Because the eye and brain contain no lymphoid tissues, a popular hypothesis of the pathogenesis of vitreoretinal B-cell lymphoma maintains that malignant B-cells home to the eye and/or brain, 1, 7 although the putative homing signal has not been identified. How malignant B-cells could localize so specifically to the eye and CNS remains one of the most fascinating questions. There is growing evidence that CNS DLBCL cells have a different chemokine receptor profile compared to their morphologic counterparts in systemic DLBCL. 22 The data of Chan et al. 7 focus on SDF-1a and BCA-1, and their receptors CXCR4 and CXCR5, respectively, which affect the homing of B-cells to the eye and/or CNS. BCA-1 selectively drives the migration of B-cells via CXCR5. SDF-1a and BCA-1 are upregulated on cerebrovascular endothelial cells 23 and on RPE, 7,24 which suggests a chemokine-mediated regulation of B-cell homing to the eye and CNS, and their spread within eye and brain. However, in the setting of vitreoretinal B-cell lymphoma, it remains unknown whether Bcells enter the eye already as malignant B-cells while others are eliminated by the immune system in the periphery, or as nontransformed cells and undergo malignant transformation in the eye. In addition, SDF-1 and BCA-1 support CNS B-cell growth. 16 We observed expected increases in vitreous concentrations of BCA-1 and SDF-1a, which is consistent with previous observation. 7 IL-8, a cytokine and chemokine that has an important role in inflammation, is a potent chemoattractant factor for neutrophilic granulocytes and T-cells, and also can activate B-cells. 25 Moreover, in a recent study, IL-8 has been shown to impact survival in B-cell chronic lymphocytic leukemia by inducing the transcription and translation of the antiapoptotic protein Bcl-2. 26 In systemic DLBCL patients, those with higher serum IL-8 levels respond less favorably to treatment. 25, 27 Vitreous IL-8 levels were significantly higher in patients with vitreoretinal B-cell lymphoma compared to controls. Our results thus suggest that the pathophysiology of vitreoretinal B-cell lymphoma may be related to higher IL-8 levels, which led us to suspect that IL-8 might be a factor related to the development of vitreoretinal B-cell lymphoma.
MCP-1 has been reported to be upregulated in the vitreous of patients with uveitis and vitreoretinal diseases, such as proliferative diabetic retinopathy, proliferative vitreoretinopathy, and retinal detachment. 28, 29 In addition, MCP-1 expression was found in and secreted by primary central nervous system B-cell lymphoma, which may provide important insights into the pathogenesis of recruitment of inflammatory cells, such as monocytes and T-cells. 30 The CXC chemokines IP-10 and Mig bind the CXCR3 receptor and are specifically chemotactic for activated lymphocytes. 31 Mig expression also is observed in MALT lymphoma and atypical B-cells of chronic lymphocytic leukemia. 32, 33 Several articles have reported that malignant B-cells express CXCR3 and mediate migration and autocrine proliferation following the binding of IP-10 and Mig. [34] [35] [36] Moreover, cytokine-stimulated RPE cells are capable of producing IP-10, Mig, and IL-8. 37, 38 In our study, IP-10 and Mig expression levels were higher in vitreoretinal B-cell lymphoma than in control subjects, and correlated strongly with each other (r ¼ 0.774). In another study on uveitis, IP-10 levels correlate with tissue infiltration of T-cells. 39 This report is consistent with our finding that IP-10 was elevated in vitreoretinal B-cell lymphoma with subretinal infiltration, which frequently is accompanied by reactive T-cells in the vitreous of patients with vitreoretinal B-cell lymphoma of the subretinal infiltration type. [40] [41] [42] [43] It remains unknown whether lymphoma cell or the infiltrating cells produce these mediators. Further studies are required.
Besides neoplastic cells, small reactive T-cells and monocytes usually are found within the CNS and eye. 30.40-44 Thus, it remains possible that some inflammatory cells other than malignant B-cells may be the source of some mediators of interest. MCP-1, Mig, MIP-1a, MIP-1b, IP-10, IL-8, and RANTES, which we found upregulated in vitreoretinal B-cell lymphoma, have been considered to be important chemokines specifically stimulating directional migration of T-cells and monocytes as well as B-cells that could form diffuse opacities in the vitreous. It is possible that these mediators are produced by lymphoma cells and the infiltrating inflammatory cells, and the mediators produced may stimulate further the lymphoma and inflammatory cells to produce more or other mediators. However, these possibilities remain unproven. The contribution of surrounding inflammatory cells probably is minor, but the presence of these non-B-cells in some instances may be functionally relevant to some aspects of the expression profile. 45 In fact, macrophages, dendritic cells, and T-cells support B-cell survival and proliferation. 46, 47 Moreover, DLBCL recruit monocytes including dendritic cells, macrophages, and T-cells via RANTES to support B-cell survival and proliferation. 47 In our study, RANTES level in vitreoretinal B-cell lymphoma was significantly higher than in controls. Therefore, it can be expected that Bcell survival and proliferation are due, in part, to the infiltration of various leukocytes via RANTES. Further investigation is required to elucidate the relationship of vitreoretinal B-cell lymphoma with the ocular microenvironment including these chemokines.
Although to our knowledge, there is no information in the literature concerning the role of immune mediators in promoting apoptosis in vitreoretinal B-cell lymphoma, several studies have highlighted the issue of soluble Fas, granzyme A, and granzyme B having a role in promoting apoptosis in neoplastic cells. [48] [49] [50] Granzymes A and B are the most abundant cytolytic molecules of immune cells. However, these granzymes target distinct cell death pathways. Granzyme A activates caspase-independent programmed cell death, whereas granzyme B activates the caspase-dependent cell death pathway by initiating effector caspase cleavage and by cleaving directly some key caspase pathway substrates, such as Bid and inhibitor of caspase-activated DNase. 51, 52 Furthermore, granzyme A triggers inflammation by inducing proinflammatory cytokines. 53 On the contrary, elevated levels of immune mediators promote immune cell infiltration and activation, which, in turn, promotes increased granzyme production in the inflamed tissue. 52 For this reason, immune-mediated, granzyme-induced apoptosis may have a causative role in the pathogenesis of vitreoretinal B-cell lymphoma. The protein Fas leads to apoptosis of immune cells by binding with the Fas ligand. The immune privilege of the eye is augmented by the constitutive expression of Fas L in ocular tissue. Ocular resident cells express Fas L, and Fas-expressing infiltrating inflammatory cells interact with Fas L and subsequently undergo apoptosis. 54 Little is known about the function of the Fas/Fas L signaling system in vitreoretinal B-cell lymphoma. We propose a hypothesis that the Fas/Fas L system within the eye may regulate the apoptosis of lymphoma cells and infiltrating inflammatory cells. Approximately 30% to 70% of patients with DLBCL have Fas expression on cell surface membranes. 55 Hara et al. reported that high soluble Fas expression levels in patients with aggressive DLBCL indicate a poor prognosis and serve as a useful tool for selecting appropriate therapeutic strategies. 56 Clarification of these issue will require further investigation in a larger number of patients with vitreoretinal B-cell lymphoma.
In conclusion, various immune mediators were upregulated in the vitreous fluids in patients with vitreoretinal B-cell lymphoma. Vitreoretinal B-cell lymphoma is a rare malignancy, and this unusual series of 23 cases provided us a unique opportunity to study the expression of immune mediators related to the disease. The presence of malignant B-cells and infiltrating immune cells in the lymphomatous eye results in the production of various immune mediators that clearly differ from controls. However, the specific cells responsible for the secretion of immune mediators in the eye with vitreoretinal Bcell lymphoma remain unidentified. Furthermore, it is likely that a complex immune mediator network is formed in individual patients, so that the linkage between a single mediator and the clinical pattern is difficult to establish, even though abnormal overproduction of each immune mediator may cause pathophysiologic changes and influence clinical manifestations in vitreoretinal B-cell lymphoma patients. Identification of the cells present in the vitreous of patients with vitreoretinal B-cell lymphoma may provide a clue to which mediators are important. Additional studies of the potential functions of the detected immune mediators may provide important insights into the pathogenesis of vitreoretinal B-cell lymphoma, and targeting the production of immune mediators could be a useful strategy for the prophylaxis or treatment of vitreoretinal B-cell lymphoma.
